Abstract: Our clinical workload as infectious diseases pediatricians in northern Australia is dominated by complicated bone and joint infections in indigenous children. We reviewed the clinical presentation, microbiology, management, and outcomes of children presenting to Royal Darwin Hospital with bone and joint infections between 2010 and 2013, and aimed to compare severity and incidence with other populations worldwide.
northern Australia is dominated by complicated bone and joint infections in indigenous children. We reviewed the clinical presentation, microbiology, management, and outcomes of children presenting to Royal Darwin Hospital with bone and joint infections between 2010 and 2013, and aimed to compare severity and incidence with other populations worldwide.
A retrospective audit was performed on children aged 0 to 18 years who were admitted to Royal Darwin Hospital between 1 January 2010 and 31 December 2013 with a bone and joint infection.
Seventy-nine patients were identified, of whom 57 (72%) had osteomyelitis AE associated septic arthritis and 22 (28%) had septic arthritis alone. Sixty (76%) were indigenous Australians. The incidence rate of osteomyelitis for indigenous children was 82 per 100,000 children. Staphylococcus aureus was the confirmed pathogen in 43/79 (54%), of which 17/43 (40%) were methicillin resistant. Median length of stay was 17 days (interquartile range: 10-31 days) and median length of IV antibiotics was 15 days (interquartile range: 6-24 days). Fifty-six (71%) required at least 1 surgical procedure. Relapse within 12 months was documented in 12 (15%) patients.
We report 3 key findings: osteomyelitis incidence in indigenous children of northern Australia is amongst the highest reported in the world; methicillin-resistant S aureus accounts for 36% of osteomyelitis with a positive microbiological diagnosis; and the severity of disease requires extended antibiotic therapy. Despite this, 15% of the cohort relapsed within 12 months and required readmission. 
INTRODUCTION
T he incidence of pediatric osteomyelitis in high-income countries has been estimated at between 3 and 13 per 100,000, [1] [2] [3] but is thought to be more common in low-income countries. 4 However, despite Australia being a high-income country rates of 150 per 100,000 were reported in indigenous Western Australian children in the 1980s compared with 4 to 32 per 100,000 in their nonindigenous counterparts. 5 In a more recent Staphylococcus aureus audit at a tertiary children's hospital in southeastern Australia, indigenous children were again identified as having higher rates of osteomyelitis than their nonindigenous peers. 6 Little has been published on the epidemiology of bone and joint infections in indigenous children of northern Australia. In our clinical experience, bone and joint infections represent a common and severe reason for prolonged admission of children to hospital in the Northern territory, Australia where 27% of the population is indigenous and predominantly live in very remote communities. 7 A clinical audit of infectious diseases consulting children in 2012 identified that these make up at least 25% of current workload (Bowen, personal communication) . In comparison, bone and joint infections are less prominent in pediatric infectious diseases consultations in other Australian jurisdictions, comprising 12%. 8 Most commonly acute osteomyelitis is caused by hematogenous spread in children, with or without concomitant septic arthritis. Less frequent etiologies include contiguous spread from other sites of infection, and vascular insufficiency. 9 In recent international studies, the most common organisms causing acute osteomyelitis are skin and respiratory pathogens, respectively S aureus, Streptococcus pneumoniae, and Haemophilus influenzae 4 with S aureus as by far the most common, accounting for up to 80% of pediatric osteomyelitis. 4, 10 Kingella kingae has been increasingly recognized as an osteoarticular pathogen in children. 11 Recommendations for treatment of acute osteomyelitis in children are much shorter than in adults, based on recent randomized controlled trials. 12, 13 Current Australian guidelines 14 and international consensus 15 now favor a short duration of intravenous antibiotics for acute osteomyelitis and septic arthritis of between 3 and 7 days provided that there is clinical improvement, followed by oral therapy for a further 3 and 4 weeks. 12, 13 However, the generalizability of these results to our population is uncertain. Our clinical experience of bone and joint infections did not mirror those described in these recent trials and we were concerned that these results may not be applicable to our predominantly indigenous population.
We therefore aimed to formally describe the incidence, epidemiology, clinical presentation, severity, and outcomes of osteoarticular infections in our pediatric population, and compare these against published data of pediatric cohorts worldwide.
METHODS

Setting
Royal Darwin Hospital is a 345-bed general, tertiary hospital with 55 pediatric beds and serves as the only referral center for the ''Top End'' of the Northern Territory (NT) in Australia. The NT is a vast, scarcely populated region of 1.5 million square kilometers, of which the Top End comprises approximately the northern third 7 and has a tropical climate with average daily temperatures of 32 8C. 16 An estimated pediatric population of 50,000 children and adolescents under the age of 18 years live in this catchment area, 7 of whom 27% are indigenous. Children from the Top End with osteomyelitis are usually admitted to Royal Darwin Hospital, as this is where the only general orthopedic, surgical, intensive care, and pediatric specialist services are located.
Inclusion Criteria and Definitions
In this retrospective audit, patients were included if they were aged less than 18 years when admitted to Royal Darwin Hospital and had a World Health Organization International Classification of Diseases (WHO ICD-10) discharge code for septic arthritis (ICD codes M0.00-0.99) and/or osteomyelitis (ICD codes M86.00-86.99), between January 1, 2010 and December 31, 2013. Data were collected from individual medical records, electronic records for pathology, and radiology results, as well as electronic inpatient medication prescriptions and discharge prescriptions. Patients were included if the clinical diagnosis of bone and joint infection (osteomyelitis, septic arthritis, or both) was made by the treating team based on characteristic clinical, radiological, and microbiological findings. Acute osteomyelitis was defined as a clinical history of less than 2 weeks, and chronic osteomyelitis defined as a clinical history of more than 2 weeks. 4 The subgroup of children with both osteomyelitis and septic arthritis has been included in the osteomyelitis group, in order to compare with similar groups in worldwide cohorts published in the literature. 10, 17 Demographics, diagnostic methods, results of microbiological investigations, treatment, and outcomes were recorded on the case report form. A patient was recorded as being from a remote community if they lived outside of the greater Darwin region (including Darwin city, Darwin suburbs, Litchfield, and Palmerston). ''Full compliance'' of antibiotics was recorded if the patient reported in the clinic notes that they took all of their discharge antibiotics, ''partial noncompliance'' if they had taken some, but not all of their antibiotics, and ''complete noncompliance'' if they reported taking none of their discharge antibiotics. ''Relapse'' was defined as an ongoing or worsening infection (as determined by the treating clinician) while the patient was still on their discharge antibiotics, or recurrence of infection in the same site by the same microorganism after antibiotics had been ceased.
Microbiological Methods
Bacterial cultures of blood, bone, and joint fluid were processed using standard methods. Organisms were identified phenotypically and confirmed using traditional methods or the Vitek2 gram positive card (bioMerieux, NC). Antibiotic susceptibility testing was performed using an automated system (Vitek2 AST-P612 card, bioMerieux) and the Kirby-Bauer disk diffusion method in accordance with the guidelines of the Clinical and Laboratory Standards Institute. 18 Nonmultiresistant methicillin-resistant Staphylococcus aureus (nmMRSA) was defined as strains of S aureus that were resistant to cefoxitin, whereas multiresistant methicillin-resistant Staphylococcus aureus (mMRSA) was defined as S aureus that was resistant to !3 non-b-lactam antibiotic classes in addition to cefoxitin. 19 Neisseria gonorrhoeae was detected using traditional culture methods or the commercially available (polymerase chain reaction) PCR assay (VERSANT CT/GC DNA 1.0 Assay kPCR, Siemens, Victoria Australia).
A positive blood culture or joint aspirate was considered microbiological confirmation of the causative pathogen. Where neither of these was available, superficial swab results taken from a draining wound were used to infer the likely causative pathogen. Where more than 1 pathogen was identified, those isolated from blood culture or joint aspirate and those that were cultured more than once were considered significant, compared with those from superficial swabs or cultured only once. In the case of superficial swabs taken from a draining wound that cultured methicillin-resistant Staphylococcus aureus (MRSA) in addition to another microorganism, MRSA was targeted clinically in light of the high rates of MRSA in our region. We therefore identified MRSA as the causative organism in these cases.
Statistical Methods
Descriptive and regression statistics were performed using STATA13 (StataCorp, TX). Categorical data were tested using the x 2 test for dependence and means for continuous data were tested using a single-tailed Student t test, with a P-value <0.05 considered significant.
Population figures from the Australian Bureau of Statistics were used to calculate annual incidence rates of disease. 7 We used the population figures given for children aged 0-17 years from the Royal Darwin Hospital catchment regions of Darwin, Daly, Tiwi, West Arnhem, East Arnhem, and Katherine to calculate the denominator data. The percentage indigenous population for each region was then used to calculate the denominator data to determine the incidence rate amongst the indigenous population. 
Ethics Statement
RESULTS
Epidemiology
One hundred and eight patients were identified with an ICD-10 discharge code for septic arthritis and/or osteomyelitis between 2010 and 2013. Of these, 11 charts were unavailable, 5 patients were more than 18 years old and 13 patients had an alternative diagnosis.
Seventy-nine patients met the inclusion criteria. Of those, 49 (62%) were male and the median age was 8 years (interquartile range [IQR]: 5-12 years) ( Figure 1 ). Fifty-seven children (72%) had osteomyelitis, including 18 (32%) who had concomitant septic arthritis. Twenty-two patients (28%) had septic arthritis alone. indigenous Australian children accounted for 60/79 (76%) of presentations, of whom 92%
were from remote communities ( Table 1 ). The crude incidence of osteomyelitis (including those with contiguous septic arthritis) was 31 per 100,000 children; 90 per 100,000 for indigenous, and 9 per 100,000 for nonindigenous children (incidence rate ratio 10, 95% CI 5-23). The incidence of septic arthritis was 12 per 100,000 overall; 30 per 100,000 for indigenous, and 5 per 100,000 for nonindigenous children (incidence rate ratio 6: 95% CI 2-20) (Figure 2 ).
Clinical Presentation
In the osteomyelitis group, 44% were managed by general orthopedic surgeons, and 56% by pediatricians. Median duration of symptoms prior to presentation was 5 days (IQR: 3, 12). Subjective fever was reported in 67%, localized pain in 95%, localized swelling in 72%, inability to weight bear in 54%, and joint immobility in 32%. The majority (56/57, 98%) had acute osteomyelitis. One patient presented with chronic osteomyelitis following acute osteomyelitis treated previously at another institution. All 39 patients with osteomyelitis alone involved a single bone. Eighteen patients with osteomyelitis (32%) had concomitant septic arthritis in at least 1 contiguous joint, the most severe case being 1 patient with no known immunodeficiency disorder who had multifocal bone and joint involvement of 7 separate sites. The lower limbs mainly involved were tibia (49%) and femur (21%) ( Table 2 ). The majority of cases (70%) were secondary to hematogenous seeding, 16% were secondary to trauma, 12% were secondary to an overlying soft-tissue infection, and 2% were iatrogenic. Mean (AE standard deviation) peak erythrocyte sedimentation rate (ESR) of those with osteomyelitis was 68 AE 37 mm/ Hr, (n ¼ 44) and mean (AE standard deviation) peak C-reactive protein (CRP) was 143 AE 109 mg/L (n ¼ 57).
At presentation, 6/57 (11%) patients with osteomyelitis had another disseminated site of septic involvement apart from bone or joint such as pneumonia (2), muscle abscess (2), pneumonia and muscle abscess (1) endocarditis (1), and one in which the distal septic site was not recorded. Two had nmMRSA, 1 had MSSA, 1 had Burkholderia pseudomallei, 1 had Group A Streptococcus, and 1 did not have an organism identified after extensive investigation (including mycobacterial and fungal cultures). Three patients with osteomyelitis (5%) required intensive care unit admission at presentation.
Of the patients presenting with septic arthritis alone 45% were looked after by a general orthopedic surgeon, 50% by a pediatrician, and 5% by an adult general medical team. Median duration of symptoms prior to presentation was 6 days (IQR: 4, 8). Subjective fever was reported in 64%, localized pain in 91%, localized swelling in 68%, inability to weight bear in 82%, and joint immobility in 27%. Monoarticular septic arthritis occurred in 17/22 (77%) patients and was most common in the knee (35%) ( Table 3) . Mean (AE standard deviation) peak ESR was 49 AE 30 mm/Hr (n ¼ 15) and mean (AE standard deviation) peak CRP was 100 AE 76 mg/L (n ¼ 22). No patients with septic arthritis had other septic foci, or required intensive care unit admission.
Microbiological Diagnosis
Overall, 57/79 patients (72%) had a positive microbiological diagnosis, including 44/57 (77%) of those with osteomyelitis. Culture of blood was the most common confirmatory specimen in the osteomyelitis group (n ¼ 26, 59%) followed by bone puncture (n ¼ 14, 31%) and superficial swabs taken from a draining wound (n ¼ 4, 9%). There were 8 patients who cultured more than 1 organism. One patient who grew nmMRSA and group G Streptococcus from superficial swabs, and group G Streptococcus from a deep operative specimen was, however, analyzed in the nmMRSA group, as nmMRSA was targeted in the treatment regimen and group G Streptococcus is a very rare cause of pediatric bone and joint disease. 20 S aureus was the dominant causative organism (40/57, 70%), with 40% (16/40) of these cases being nmMRSA ( Figure 3) .
Of 22 patients with septic arthritis alone, 13/22 (59%) had a positive microbiological diagnosis (Figure 3) . The most common site for microbiological yield was in sampling of the affected joint in 10/13 (77%) of patients, whereas the remaining 3/13 (23%) had positive blood cultures.
Four adolescent patients presented with polyarticular septic arthritis and were found to have disseminated gonococcal infection. All 4 joints were culture negative and the diagnosis was confirmed using urine PCR (n ¼ 3) or urine culture (n ¼ 1) for N gonorrhoeae. N gonorrhoeae was in fact the most common microbiological diagnosis for septic arthritis alone. 
MANAGEMENT
Clinical management of patients with osteomyelitis and septic arthritis, including duration of intravenous and discharge antibiotics, surgical management and length of stay is summarized in Table 1 . Flucloxacillin was the most commonly used empiric antibiotic in both groups. It was used in 44/57 (77%) of osteomyelitis patients (25% in combination with at least 1 other agent), and in 15/22 (68%) septic arthritis patients (13% with at least 1 other agent). An MRSA active agent was used empirically in 23% of osteomyelitis patients overall, in 50% of those with MRSA osteomyelitis and 9% of those with septic arthritis. For those with MRSA who were initially started on a b-lactam, there was a median of 1 day (IQR: 1, 2) of ineffective therapy before being placed on an MRSA active agent.
The most common discharge antibiotics prescribed for those with osteomyelitis were trimethoprim-sulfamethoxazole (53%) and flucloxacillin (21%), and for septic arthritis were amoxicillin (18%), flucloxacillin (14%), trimethoprim/sulfamethoxazole (14%), and amoxicillin/clavulanic acid (14%). Hospital in the Home has previously been shown to be both feasible and effective in our population 21 and was used for 13/79 (16%) of patients.
Almost 70% of those with osteomyelitis underwent at least 1 surgery for washout and debridement, with 79% of those with MSSA, 88% of those with nmMRSA, 100% of those with B pseudomallei and 0% of those with group A Streptococcus undergoing at least 1 surgical procedure. Likewise, surgical drainage and washout were performed in 17/22 (77%) of patients with septic arthritis. No patients with N gonorrhoeae underwent surgery, whereas all of the patients with MSSA, nmMRSA, group A Streptococcus, Pasteurella canis, and Pseudomonas aeruginosa septic arthritis underwent at least 1 surgical washout.
Follow-Up
For those with osteomyelitis, 36/57 (63%) attended at least 1 follow-up clinic appointment. Median time from discharge to follow-up was 24 days (IQR, 14-43 days). At follow-up, 19 (53%) were assessed as having normal function of the affected limb or region, 4 (11%) had difficulty weight bearing, another 4 (11%) had limited range of movement, and 9/36 (25%) did not have any documentation of their functional status. For these 8 patients with abnormal function documented at follow-up, 2/8 (25%) were recorded as being fully compliant with their discharge antibiotics, 3/8 (38%) used Hospital in the Home to continue their intravenous antibiotics, 5/8 (63%) were ÃNonmultimethicillin-resistant S aureus; additional organisms cultured in the osteomyelitis group were methicillin-sensitive S aureus (1) Half of the patients (11/22) with septic arthritis were seen in follow-up clinic, with a median time post discharge to followup of 15 days (IQR, 8-32 ). Function was assessed as normal in 10/11 (91%) and 1/11 (9%) had difficulty weight bearing. Full compliance with discharge antibiotics was seen in 6/11 (55%), 1/11 had partial noncompliance (9%), and 4/11 (36%) did not have compliance status recorded.
Relapsed Versus Nonrelapsed Group
Despite lengthy admissions for intravenous antibiotics, 15% (12/79) of the cohort had a documented relapse of their bone and joint infection, all of whom required a further course of antibiotics, and 75% (9/12) of these relapsed patients required readmission to hospital. Seven patients had acute osteomyelitis and septic arthritis, 2 had acute osteomyelitis, 1 had chronic osteomyelitis, and 2 had septic arthritis. All relapses occurred within 13 months, with half of these (6/12) relapsing within 30 days of hospital discharge. Omitting 3 patients in whom ethnicity details were not recorded, there was no statistical difference (P value ¼ 0.58) in relapse rates for indigenous (13%) and nonindigenous children (19%). Of those who relapsed 33% were documented to have been compliant with their previously prescribed course of discharge oral antibiotics, 25% were partially compliant, 25% were fully noncompliant, and 17% did not have compliance data recorded.
The clinical characteristics of those who relapsed compared with the nonrelapsed group are presented in Table 4 .
Bacteremia at presentation, >1 site of bone and joint infection, another site of disseminated foci of infection, and >1 surgical procedure were all found to significantly increase the chance of relapse in our population. We were unable to analyze whether documented compliance with discharge antibiotics increased this risk as only 33% of those who did not relapse had compliance data recorded in their notes.
DISCUSSION
Our study reveals one of the highest incidences of osteoarticular infections reported in the world. In particular, the calculated incidence rate of osteomyelitis among indigenous children (90 per 100,000) well surpasses other reported incidence rates of 3 to 13 per 100,000 in high-income countries. 4 Subgroup analysis of the nonindigenous children reveals an incidence rate (9 per 100,000) on par with other international studies. This implies that the excess disease burden lies firmly among our indigenous children, which is a finding that has been repeatedly reported in previous studies of this population. 5, 22 The exact cause of such high incidence rates of bone and joint infections among our indigenous pediatric population is not definitively known. We propose hematogenous seeding from recurrent skin infections as a possible link. 4 Skin infections are endemic within Australian indigenous children, 23 with prevalence rates of skin sores and scabies up to 70% and 50%, respectively in some communities. 24 Impetigo has been identified as a risk factor for bacteremia and bone and joint infections in indigenous people living in the NT. [25] [26] [27] The prevalence of impetigo in indigenous children of Australia, is among the highest reported in the world with median prevalence in children of 43% (IQR 40%-46%). 28 Unfortunately, documentation of skin infection at the time of admission was poorly recorded in our study. This may represent the normalization of high rates of skin infection in indigenous Australians and a lack of recognition by medical staff of the entry point for bone and joint infections.
Lower socioeconomic status has previously been associated with higher rates of osteomyelitis, 29 although this link has not been consistently shown in subsequent studies. 3 Factors associated with lower socioeconomic status, such as overcrowding, poor hygiene, and sanitation have been proposed as causes of increased infection rates, and have been repeatedly documented in Australian indigenous communities. 24, 30, 31 A recent local study demonstrated a link between the incidence of S aureus bacteremia and socioeconomic status. 32 Genetic predisposition to increased susceptibility for infection has been suggested as a possible explanation of the higher infection rates seen in indigenous populations 32, 33 ; however, current published evidence is lacking to confirm or disprove this, and further studies are required.
We describe a cohort of children with more severe disease than those reported in other settings. Total 30% of children had more than 1 bone or joint involved, compared with 4.5% in a New Zealand series. 10 Total 32% had osteomyelitis with contiguous septic arthritis, compared with 18.1% with contiguous septic arthritis in a study from Finland. 13 Mean maximum CRP in our cohort was 143 AE 109 mg/L, which is higher than the maximum CRP of approximately 100 mg/L that was reported in the study from Finland. 13 Median duration of intravenous antibiotics was 19 days, which is considerably longer than the 1 to 4 days recommended in other studies. 2, 13 We believe that this represents severity of disease rather than clinician preference as the decision to switch to oral therapy is usually based on clinical and biochemical response to treatment. Surgical management of osteomyelitis at our institution is recommended when ongoing fevers, pain, and/or imaging confirm a purulent collection in need of drainage. Total 68% of our osteomyelitis group underwent at least 1 surgical washout or debridement, compared with 44% of the New Zealand series 10 and 34% of the series from Sydney. 17 Although 76% of the participants from the Finland trial had a surgical procedure performed a proportion of those reported (26%) were purely diagnostic procedures. 13 Despite the intensive surgical and antibiotic treatment provided, we report a relatively high relapse rate of 15%, compared with 6.8% in New Zealand, 10 1.5% in Finland 13 , and 25% in Cambodia. 34 This may relate to the late stage at presentation. Our reported median duration of symptoms of 5 days prior to admission is longer than other published reports. 17, 35 It may also reflect the low rate of early use of MRSA active antibiotics, despite the high rate of detection of MRSA in this cohort. We did not, however, find a higher relapse rate in the group identified to have an MRSA infection.
Among our staphylococcal osteomyelitis cases, 40% were due to nmMRSA (28% of osteomyelitis cases overall). This is a significantly higher rate than 9% reported in a study from Sydney, Australia in 2005, 17 2% from a New Zealand study in 2014, 10 and 13% to 24% from Taiwan in 2009. 36 Our rates approach those reported in parts of the United States, where MRSA accounted for more than 50% of staphylococcal bone and joint infections seen in their pediatric population. 37 Community-associated MRSA rates have been increasing over recent years in Australia, 38 and have consistently been reported as higher within the indigenous population. 32, 39, 40 There is a high prevalence of risk factors for nmMRSA in the indigenous communities, 31 similarly described in other indigenous populations around the world where high rates of nmMRSA carriage are also found. 41 Our high reported rates of nmMRSA may herald emergence of nmMRSA as an important causative pathogen for pediatric bone and joint infections elsewhere in Australia. This has important implications for the national guidelines regarding empirical antibiotics, which currently recommend flucloxacillin alone. 14 There are also important clinical implications, as bone and joint infections with nmMRSA have been reported as causing more severe disease. 37 N gonorrhoeae was the causative organism in 5% of bone and joint infections in our cohort, and accounted for 80% of polyarticular septic arthritis seen, all in adolescents. The differential diagnosis for the presentation of painful, swollen joints in this cohort is acute rheumatic fever (ARF), as northern Australia has one of the highest reported rates of ARF in the world. 42 High incidence rates of N gonorrhoeae have also previously been described in the adolescent indigenous population, 43 and our results highlight the importance of having a high index of suspicion for gonorrhoeae, particularly when adolescents present with polyarticular disease and ARF may be the first suspected diagnosis.
We had 1 case of osteomyelitis secondary to B pseudomallei, which is endemic in our region and known to cause bone and joint infections. 44 The patient had primary involvement of the hip and pubic symphysis, required 3 surgical washouts and developed an associated muscle abscess.
There were several limitations to our study. Our study included small numbers, and derives from a population, which is unique in its tropical climate, ethnic mix, and socioeconomic demographic, which may limit the generalizability of our findings. Despite this, our findings were in contrast to the pediatric literature on severity, length of treatment, and relapse. Being a retrospective study in design, some data were incomplete or missing, including much of the follow-up data pertaining to compliance with discharge antibiotics. We were, therefore, unable to draw correlations between outcomes and the oral antibiotic used, or total duration of antibiotics.
In conclusion, we report an ethnic discrepancy in incidence of bone and joint infections in our populations, with a 10-fold higher rate of osteomyelitis in indigenous compared with nonindigenous children. It is unclear whether environmental or genetic factors account for this, but it is likely the high skin disease burden contributes. 28 The disease entity we describe appears to be more aggressive and severe than those found in other studies, requiring prolonged treatment and multiple surgical interventions. Despite this, we found high relapse rates compared with some other studies. Nonmultiresistant methicillin-resistant S aureus rates were also high, leading to concerns regarding its emergence as a causative pathogen in the rest of Australia, and appropriate empirical antibiotic choice. Overall, this is different from the clinical experience reported in the recent literature 10, 13, 17 and suggests changes to guidelines recommending shorter durations of IV antibiotics may not be applicable in this context. We, therefore, conclude that adopting the recent recommendation of using only 3 to 7 days of IV antibiotics in our population would result in even higher morbidity than reported here. We recommend continuing to use IV antibiotics as currently practiced in our population, and to consider longer durations in those patients with more than 1 site of bone and joint infection, who are bacteremic at presentation, with another site of septic focus or who have more than 1 surgical procedure who are identified as being at higher risk of relapse. Further longitudinal studies are recommended to determine the long-term outcomes of these children, and strategies to reduce the high morbidity of this disease in our population are needed. More research is needed to define the appropriate length of therapy in this context.
